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krystalicka forma sodne soli kyseliny 3 -pyridyl-l-hydroxyethyliden- 1,1 -bisfosfonove 



Oblast technikv 

Vynalez se tyka novych krystalickych hydratu kyseliny 3-pyridyl-l- 
hydroxyethyliden- 1 , 1 -bisfosfonove vzorce 

O 




OH 



kyselina risedronova 
resp. jejich soli a zpusobu jejich vyroby. 

Dosavadni stav teclmiky 

Geininalni bisfosfonaty, jako napriklad soli 3 -pyridyl-l-hydroxyethyliden- 1,1- 
bisfosfonove kyseliny (risedronat) nebo 4-amino-l-hydroxybutyliden- 1,1 -bisfosfonove 
kyseliny (alendronat), jsou jiz dels! cas pouzlvany k lecbe nemocl kosti a k uprave 
metabolismu vapniku. 

Priprava risedronove kyseliny spoclva v reakci kyseliny 3-pyridyloctove s kyselinou 
fosforitou a chloridem fosforitym a nasledne hydrolyze vzniklych intermediatu. Obecna 
metoda teto pfipravy bisfosfonovych kyselin byla uvedena v JP 80-98193 (1980), JP 80- 
98105 (1980) firmy Nissan Chemical Industries a v clanku W. Ploger et al., Z. Anorg. Allg. 
Chem.,389,119, (1972). Priprava risedronatu byla uvedena v EP 186405 (1986) firmy Procter 
& Gamble. 

Bisfosfonove kyseliny jsou pouzivany ve forme ruznych netoxickych a farmaceuticky 
akceptovatelnych esteru, soli alkalickych kovu a kovu alkalickych zemin a jejich ruznych 
hydratu. Forma substance muze mit zasadni vliv na jeji rozpustnost a jeji biologickou 
dostupnost. Preferovanou formou risedronatu je sodna a vapenatd sfll. 




3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonova kyselina je pouzivana zejmena ve forme 
monosodne soli (risedronat sodny). Tato sul, podobne jako rada dalsich geminalnich 
bisfosfonovych kyselin a jejich soli, je schopna tvofit hydraty. Dosud byla popsana bezvoda 
krystalicka forma 3 -pyridyM-hydroxyethyliden- 1,1 -bisfosfonatu monosodneho, jeho 
monohydrat a pentahemihydrat a to v prihlasce WO 0156983 A2 firmy Procter & Gamble. 
Z obou uvedenych hydratu je termodynamicky stala pouze forma pentahemihydratu. 
Monohydrat samovolne pfechazi na stabilnt pentahemihydrat. 

Nevyhodou nizsich hydratu nebo bezvodych forem 3-pyridyl-l-hydroxyethyliden-l,l 
bisfosfonatu monosodneho je jejich hygroskopicnost a s ni souvisejici nestabilnost obsahu 
ucinne latky. Pokies obsahu ucinne slozky s casern, pak znamena omezenou dobou 
skladovateinosti latky. Hygroskopicnost muze dale zpusobovat nestabilitu farmaceutickeho 
pfipravku. Napriklad u tablet muze vlivem vzdusne vlhkosti dochazet k jejich rozpadu. ' 

U farmaceutickeho pfipravku obsahujiciho smes monohydratu a hemipentahydratu 3- 
pyridyl-l-hydroxyethyliden- 1,1 -bisfosfonatu monosodneho, jak je popsan ve WO 0156983, 
muze byt zdrojem nestability zejmena monohydrat, o nemz je znamo, ze neni 
termodynamicky staly. 

Reseni pomoci dvojitych nebo hermeticky uzavfenych obalu, poprlpade s pridanim 
vysouseciho cinidla do balenl vzdy vyvola dalsi naklady na vyrobu. 

Tento problem je fesen predkladanym vynalezem, ktery se tyka novych stabilnich 
hydratu sodnych soli kyseliny 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonove. Tyto hydraty 
jsou navic lepe rozpustne ve zredene kyseline chlorovodlkove, ktera tvori zaludecni sfavy. 

Podstata wnalezu 

Definice pojmu pouzitych v popisu vynalezu: 

Pod pojmem risedronova kyselina se rozumi 3-pyridyl-l-hydroxyethyliden-l,l- 
bisfosfonova kyselina. 

Fojem risedronat pfedstavuje jak kyselinu risedronovou, tak jeji farmaceuticky 
vyuzitelne soli. 

Pod pojmem monohydrat sodne soli risedronatu se rozumi krystalicka forma 3- 
pyridyl-l-hydroxyethyliden- 1,1 -bisfosfonatu monosodneho, ktera obsahuje od 5 do 7,1 
hmotnostnich % vody a od 5,5 do 7,5% sodiku vztazeneho na bezvodou sul. 




Pod pojmem pentahemihydrat sodne soli risedronatu se rozumi krystalicka forma 3- 
pyridyl-l-hydroxyethyliden-l.l-bisfosfonatu monosodneho, ktera obsahuje od 1 1,9 do 13,9 
hmotnostnich % vody a 5,5 az 7,5% sodiku vztazeneho na bezvodou sul. 

Pod pojmem pentahydrat sodne soli risedronatu se rozumi krystalicka forma 3-pyridyl- 
l-hydroxyethyliden-l,l-bisfosfonatu monosodndho, ktera obsahuje od 20 do 23 % 
hmotnostnich vody a 5,5 az 7,5% sodiku vztazeneho na bezvodou .sul. 

Pod pojmem monohydrat disodne soli risedronatu se rozumi krystalicka forma 3- 
pyridyl-l-hydroxyethyliden-l,l-bisfosfonatu disodneho, ktera obsahuje 4,5 az 6,5 % vody a 
13 az 15 % sodiku vztazeneho na bezvodou sul. 

Pod pojmem trihydrat trisodne soli risedronatu se rozumi krystalicka forma 3-pyridyl- 
i-hydroxyethyliden-l,l-bisfosfonatu trisodneho, ktera obsahuje 12 az 14 % vody a 19 az 21 
% sodiku vztazeneho na bezvodou sul 

Neni-li uvedeno jinak, jsou v tomto spise vsechny percentualni udaje uvedeny ve 
hmotnostnich procentech. 

Nas vynalez se tyka 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonatu sodneho 
(risedronatu sodneho) v dosud nepopsanych krystalickych formach. Pfesneji feceno, jedna se 
o hydraty, ktere obsahuji 6,4 az 22 % sodiku a soucasne 15 az 23 % krystalicke vody, je-li 
obsah sodiku mensi nez 7,5 %, nebo 4,5 az 18 %, je-li obsah sodiku vetsi nez 7,5 %. 

Vyhodnym pfipadem takoveho hydratu je modifikace, ktera se vyznacuje obsahem 
vody 20 az 23 %, specialne s obsahem vody 22,8 % hmotnostnich, a obsahem sodiku 5,5 az 
7,5 %, specialne 6,4 az 6,7 % hmotnostnich. Uvedene mnozstvi vody je zabudovano 
v krystalove mrizce a uvedena krystalova modifikace je termodynamicky stala. Susenim 
nekolika ruznymi susicimi rezimy byla uvedena krystalova modifikace ususena na obsah vody 
odpovidajici pentahemihydratu, monohydratu a bezvode forme 3-pyridyl-l-hydroxyethyliden- 
1,1-bisfosfonatu sodneho. Volnym stanim substance se obsah vody samovolne ustaii na 
puvodni hodnote. Doba, za jakou k tomuto ustaleni mnozstvi obsazene vody dojde, je zavisla 
na relativni vlhkosti prostredi, ve kterem je ususena substance umistena. Pohybuje se 
v rozmezi 2 az 12 hodin u latky vysusene na uroverl pentahemihydratu a v rozmezi 2 hodiny 
az 12 dni u substance vysusen6 na uroven monohydritu. 

Uvedena nova krystalova forma se take vyznacuje lepgi rozpustnosti v kyseline 
chlorovodikov6 0, IN (pH 1 , 1), coz je vyhodne pro biologickou dostupnost substance. 

Nova krystalicka forma byla dale charakterizovana praskovym rentgenovym 
difraktogramem, infracervenou spektroskopii, CP-MAS NMR v pevn6 fazi a 
termogravimetrickou analyzou. 



Vyhodna struktura tohoto hydratu je charakterizovana difraktogramem 
s mezirovinnymi vzdalenostmi d priblizne 16,3; 13,0; 9,1 a 4,9 A. 

Jinou charakteristiku poskytuje infracervene spektaim s pasy 1 169; 1060; 1046 a 891 

cm* 1 . 

Termogravimetricka analyza vyhodneho slozeni poskytuje inflexni bod pri teplote asi 
173 °C. 

Jinou charakteristikou vyhodne struktury hydratu s danym slozenim je 3 IP CP -MAS 
NMR spektrum, ktere poskytuje signaly 13,7 a 20,0 ppm, Timto dubletem se vyznamne 
odlisuje od drive znameho pentahemihydratu, ktery poskytuje odpovidajici singlet s posunem 
asi 1 5,9 ppm. 

Jinou latkou s vyhodnymi vlastnostmi je hydrat risedronatu sodneho s obsahem 12 az 
14 % vody a 19 az 21 % sodiku vztazeno na bezvodou sul. Susenim teto latky za ruznych 
podininek a naslednym stanim v prostredi s vysokou relativni vlhkosti se obsah vody rovnez 
ustali na dane hodnote za dobu 2 hodiny az 12 dm, vetsinou vsak za mene nez 12 hodin. 
Rovnez tato modifikace je tedy ve vlhkem prostredi stala. 

Vyhodna struktura latky je charakterizovana infracervenym spektrem s pasy priblizne 
1114; 1085; 956; 616 a 544 ctn 1 . 

Dalsi z vyhodnych latek je monohydrat disodne soli risedronatu, ktera obsahuje 4,5 az 
6,5 % vody a 13 az 15 % sodiku vztazeno na bezvodou sul. Susenim teto latky za ruznych 
podminek a naslednym stanim v prostredi s vysokou relativni vlhkosti se obsah vody rovnez 
ustali na dane hodnote za dobu 2 hodiny az 12 dni, vetsinou vsak za mene nez 12 hodin. 
Rovnez tato modifikace je tedy ve vlhkem prostredi stala. 

Vyhodna struktura latky je charakterizovana infracervenym spektrem s pasy priblizne 
1183; 1158; 1071 a 1042 cm' 1 . 

Priprava hydratu sodnych soli 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonatu 
v novych krystalickych formach spociva v pfiprave vodneho roztoku 3-pyridyl-l- 
hydroxyethyliden-l,l-bisfosfonatu sodneho, zahrati roztoku nateplotu 50 az 80 °C a jeho 
naliti do podchlazeneho organickeho rozpoustedla, zejmdna ze skupiny jednoduchych 
alkoholu z rady Ci az Cs, specialne 2-propanolu. S vyhodou je mozne vyuztti ockovani 
nekolika krystalky prislusneho hydratu. 

Pro svoji stabilitu ve vlhkem prostredi jsou tyto nove hydraty sodnych soli kyseliny 3- 
pyridyl-l-hydroxyethyliden-l,l-bisfosfonove vhodne k pouziti jako ufcinna latka k 16cbS 
nemoci spojenych s poruchami resorpce kosti. K temto onemocnenim patri predevsim 




osteoporoza, a to jak spojena s hormonalni zmenou v urcitem stadiu zivota zen, tak i 
osteoporoza indukovana uzivanim ruznych pripravku. 

Preferovana lekova forma k vyuziti techto hydratu je oralni, specialne ve forme tablet. 
Krome ucinne latky jsou pro vyrobu tablety pouzita vhodna redidla, pojiva, rozvolnovadla a 
kluzne latky. 

Mimoradne vhodnou kombinaci je primo tabletovatelna smes, kde fonkci redidla 
vykonava smes latek manitol a mikrokrystalicka celuloza. Tato kombinace prokazuje 
mimoradnou stabilitu, zejmena ve vlhkem prostfedi. 

Pfehled obrazku na vvkresech 

Obrazek 1 pfedstavuje XR difraktogram pentahydratu monosodne soli risedronatu. 
Obrazek 2 predstavuje srovnavaci XR difraktogram pentahemihydratu monosodne soli 
risedronatu. 

Obrazek 3 predstavuje TGA pentahydratu monosodne soli risedronatu. 
Obrazek 4 predstavuje srovnavaci TGA pentahemihydratu monosodne soli 
risedronatu. 

Obrazek 5 predstavuje 3l P CP-MAS NMR spektrum pentahydratu monosodne soli 
risedronatu. 

Obrazek 6 predstavuje srovnavaci 3l P CP-MAS NMR spektrum pentahemihydratu 
monosodne soli risedronatu. 

Obrazek 7 predstavuje IC spektrum pentahydratu monosodne soli risedronatu. 

Obrazek 8 predstavuje srovnavaci IC spektrum pentahemihydratu monosodne soli 
risedronatu. 

Obrazek 9 predstavuje IC spektrum trihydratu trisodne soli risedronatu. 
Obrdzek 10 predstavuje IC spektrum monohydratu disodne soli risedronatu. 

Pfikladv provedeni wnalezu 

Obsah vody v substanci byl stanovovan metodou die Karl Fischera a pomoci TGA 
analyz. Obsah sodiku v substanci byl stanovovan acidobazickou titraci a AAS. 
Zkousky rozpustnosti substance byly provedeny die Technical Guide European 
Pharmacopeia. 




Priklad 1 

Monohydrat 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonove kyseliny se rozpusti ve 
30-ti nasobku destilovane vody, obsahujici jeden ekvivalent louhu sodneho. Roztok se zahreje 
na 80 °C a naraz vlije do 120-ti nasobku 2-propanolu ochlazeneho na teplotu -7 az -10 °C. 
Teplota roztoku po smichani vystoupi na cca +7 °C. Behem 5 minut se vznikajici suspenze 
ochladi na -1°C. Vznikajici suspenze se udrzuje 4 hodiny na teto teplote. Produkt se izoluje 
filtraci a susi se volne. 

Zkouskou podle KF produkt obsahuje pfiblizne 22,8 % hmotnostnich vody. Analyza 
sodiku AAS prepoctena na susinu prokazala jeho obsah 6,6 % hmotnostnich. Pripravena latka 
poskytla difraktogram znazorneny na obrazku 1 a 3l P CP-MAS NMR spektrum znazornene na 
obrazku 5. 

Priklad 2 

V pentahydratu monosodne soli risedronatu (obsah vody ast 22,8 % hmotn.) susenem 
ve vakuove susarne pfi teplote 50 °C klesne po 6-ti hodinach obsah vody v substanci na 1 1,5 
%. Ususeny produkt je hygroskopicky. Volnym stanim pri laboratorni teplote a pfi bezne 
relativni vlhkosti vzduchu se obsah vody vrati behem 12 hodin na puvodni hodnotu. 

Priklad 3 

V pentahydratu susenem ve vakuovd susarne pri teplote 105 °C klesne po 6-ti 
hodinach obsah vody v substanci na hodnotu 3 %. Ususeny produkt je hygroskopicky. 
Volnym stanim pri laboratorni teplote a pfi bezne relativni vlhkosti vzduchu vzrusta obsah 
vody rychiosti cca 0,5% za hodinu. Behem 1 1 dnu se obsah vody v substanci vrati na asi 20 % 
hmotnostnich. Umistenim latky do prostoru se 100% relativni vlhkosti vzduchu se behem 
dvou hadin vrati obsah vody v substanci na 22,7 %. Tento obsah vody je staly a za beznych 
laboratoraich podminek nemSnny. 

Priklad 4 

3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonova kyselina se rozpusti ve vodn6m 
roztoku louhu obsahujici 4 ekvivalenty NaOH. Roztok se ohfeje na 70 °C a vlije se do 2- 




propanolu podchlazeneho na teplotu -7 az -10 °C. Postupne vypadne polotuha ml6cne 
zbarvena hmota, ktera se pri teplote refluxu rozpoustedla rozpadne na pevnou bilou suspenzi. 
Po filtraci a ususeni ve vakuove susarne se ziska produkt s 97% vytSzkem. Produktem je 3- 
pyridyl-l-hydroxyethyliden-l.l-bisfosfonit trisodny s obsahem sodiku asi 19,8 % 
hmotnostnich (vztazeno na suchou sul) a asi 12,7 % vody. Toto mnozstvi obsazene vody 
odpovida trihydratu 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonatu trisodneho. IC spektrum 
takto ziskane latky je znazorneno na obrazku 9. 

Rozpustenlm 1 molarniho ekvivalentu trisodne soli ve vode se ziska ciry roztok. 
Pridavkem dvou molamich ekvivalentu risedronove kyseliny a zahranim na 70 °C se ziska 
ciry roztok monosodne soli, ktera se podle prikladu 1 ziska v nove krystalove forme 
obsahujici asi 22,8 % vody. 

Priklad 5 

3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonova kyselina se rozpusti ve vodnem 
roztoku touhu obsahujici 2 ekvivalenty NaOH. Roztok se ohreje na 70 °C a vlije se do 2- 
propanolu podchlazetieho na teplotu -7 az-10°C. Temer ihned vypadne mlecne zbarvena 
rosolovita hmota, ktera se pri teplote refluxu rozpoustedla rozpadne na pevnou bilou suspenzi. 
Po ochlazeni suspenze na laboratorni teplotu se produkt izoluje filtraci. 

Ztskany produkt po volnem ususeni obsahuje asi 14 % sodiku vztazeneho na bezvodou 
substanci a asi 14 % vody. Po vysuseni ve vakuove susarne se obsah vody stabilizuje na 
hodnote asi 5,2 %. Latka s timto stabilizovanym obsahem vody poskytla IC spektrum 
znazornene na obrazku 10. 

Priklad 6 

Ke 100,25 mg vzorku pentahemihydratu monosodne soli risedronatu bylo postupne 
pridano 0,1 ml; 0,9 ml a 2,0 ml vody. Suspenze byla lmin. michana a 15 min temperovana na 
25 °C po kazdem pridavku vody. Za techto podminek byla latka zcela rozpustena. Podil 
rozpustene latky byl urcen pomoci HPLC jako 100%. 

K 98,78 mg vzorku pentahydratu monosodne soli risedronatu bylo postupne pridano 
0,1 ml, 0,9 ml a 2,0 ml vody. Suspenze byla lmin. michana a 15 min temperovana na 25 °C 
po kazdem pridavku vody. Za techto podminek byl vzorek substance zcela rozpugten. Podil 
rozpus'tene latky byl urcen pomoci HPLC jako 100%. 




Obe soli jsou dobfe rozpustne ve vode. 
Pfiklad 7 

Ke vzorku 106,08 mg vzorku pentahemihydratu monosodne soli risedronatu bylo 
postupne pfidano 0,1; 0,9; 2,0 a 7,0 ml 0,1 M HCI o pH 1,1. Suspenze byla 1 min michana a 
15 min temperovana na 25 °C po kazdem pfidavku kyseliny. Vzorek nebyl zcela rozpusten. 
Podil rozpustene latky byl urcen pomoci HPLC jako 9,46%. Rozpustenim pentahemihydratu 
monosodne soli risedronatu v 0,1M HCI se tedy ziska roztok o koncentraci aktivni slozky 
874 mg/1. 

Ke vzorku 99,07 mg vzorku pentahydratu monosodne soli risedronatu bylo postupne 
pfidano 0,1; 0,9; 2,0 a 7,0 ml 0,1 M HCI o pH 1,1. Suspenze byla lmin. michana a 15 min 
temperovana na 25 °C po kazdem pfidavku kyseliny. Vzorek nebyl zcela rozpusten. Podil 
rozpustene latky byl urcen pomoci HPLC jako 31,62%. Rozpustenim pentahydratu 
monosodne soli risedronatu v 0,1M HCI se ztska roztok o koncentraci aktivni slozky 
2418 mg/L 

Z tohoto pokusu je zfejme,ze forma pentahydratu monosodne soli risedronatu je 
vyrazne rozpustnejsi v 0,1M kyseline chlorovodikove nez forma pentahemihydratu 
monosodne soli risedronatu. 

Pfiklad 8 

V trihydratu trisodne soli susenem ve vakuove susarne pfi teplote 105 °C klesne po 6 
hodinach obsah vody v substanci na hodnotu 1,1 %. Ususeny produkt je hygroskopicky. 
Umistenim latky do prostoru se 100% relativni vlhkosti vzduchu se behem dvou hodin vrati 
obsah vody v substanci na puvodni hodnotu. Tento obsah vody je staly a za beznych 
laboratornich podminek nemenny. 

Pfiklad 9 

V trihydratu disodne soli susen6m ve vakuove susarne pfi teplote 105 °C klesne po 6 
hodinach obsah vody v substanci na hodnotu pfiblizne 1,7 %. Ususeny produkt je 
hygroskopicky. Umistenim l&tky do prostoru se 100% relativni vlhkosti vzduchu se behem 




dvou hodin vrati obsah vody v substanci na hodnotu pfibliznS 5,2. Tento obsah vody je staly 
za beznych laboratornich podminek nemenny. 

Pfiklad 10 

Monohydrat 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonove kyseliny se rozpusti v 10 
nasobku destilovane vody, obsahujici jeden ekvivalent louhu sodn^ho. Roztok se zahreje na 
80 °C a prilije se do nej 3-nasobek tepleho 2-propanolu. Roztok se necha samovolne 
chladnout na teplotu cca 62 °C a pfisype se male mnozstvi ockovacich krystalu pentahydratu 
monosodne soli risedronatu a vznikajici suspenze se necha volne vypadavat. Produkt se 
odfiltruje pfi teplote smesi 0 °C. Produkt se susi volne. 

Zkouskou podle KF produkt obsahuje priblizne 22,8 % hmotnostnich vody. Analyza 
sodiku AAS, prepoctena na susinu, prokazala jeho obsah 6,6 % hmotnostnich. 




PATENTOVE NAROKY 



1 . Krystalicka, hydratovana forma sodne soli kyseliny 3-pyridyl-l -hydroxyethyliden- 1,1- 
bisfosfonove, kde tato forma obsahuje 6,4 az 22 % hmotnostnich sodiku, vztazeno na 
bezvodou latku, a 15 az 23 % hmotnostrnch krystalicke vody, je-li obsah sodiku mensi 
nez 7,5 % hmotnostnich, nebo 4,5 az 18 % hmotnostrnch, je-li obsah sodiku vetsi nez 
7,5 % hmotnostrnch. 

2. Krystalicka forma podle naroku 1, kterou je pentahydrat monosodne soli kyseliny 3- 
pyridyM -hydroxyethyliden- 1,1-bisfosfonove, kde tato forma obsahuje 20 az 23 % 
hmotnostrnch vody zabudovanych v krystalick6 mfizce a 5,5 az 7,5 % sodiku. 

3. Krystalicka forma podle naroku 2, kde tato forma obsahuje 22,8 % hmotnostnich 
vody zabudovanych v krystalicke mfizce a 6,4 az 6,7 % sodiku. 

4. Krystalicka forma podle naroku 2 nebo 3, kde tato forma vykazuje praskovy 
rentgenovy difraktogram s mezirovinnymi vzdalenostmi d priblizne 16,3; 13,0; 9,1 a 
4,9 A. 

5. Krystalicka forma podle n&roku 2 nebo 3, kde tato forma vykazuje infracervene 
spektrum s pasy 1169; 1060; 1046 a 891 cm" 1 . 

6. Krystalicka forma podle naroku 2 nebo3, jejiz termogravimetricka analyza vykazuje 
plato pri teplote asi 173 °C. 

7. Krj'stalicke forma podle naroku 2 nebo 3, jejiz 31 P CP-MAS NMR spektrum poskytuje 
signaly 13,7 a 20,0 ppm. 

8. Krystalicka forma podle naroku 1, kterou je trihydrat trisodne soli kyseliny 3-pyridyl- 
1 -hydroxyethyliden- 1,1-bisfosfonove, kde tato forma obsahuje 19 az 21 % 
hmotnostnich sodiku a 12 az 14 % hmotnostnich vody v krystalicke mrizce. 




9. Krystalicka forma podle naroku 8, kde tato forma vykazuje infracervene spektrum 
s pasy priblizne 1114; 1085; 956 ; 616 a 544 cm' 1 . 

10. Krystalicka forma podle naroku 1, kterou je monohydrat disodne soli kyseliny 3- 
pyridyl-l-hydroxyethyliden-l,l-bisfosfonove, kde tato forma obsahuje 13 az 15 % 
hmotnostmch sodiku, vztazeno na bezvodou latku, a 4,5 az 6,5 % hmotnostnich vody 
v krystalicke mfizce. 

11. Krystalicka forma podle naroku 10, kde tato forma vykazuje infracervene spektrum 
s pasy priblizne 1183; 1158; 1071 a 1042 cm' 1 . 

12. Zpusob vyroby krystalicke formy podle kterehokoliv z pfedchozich naroku vyznadnjici 
se tim, ze se vodny roztok sodne soli kyseliny 3-pyridyl-l~hydroxyethyliden-l,l- 
bisfosfonove ohraty na 50 az 80 °C vpravi do organickeho rozpoustedla. 

13. Zpusob podle naroku 12 vyznacujict se tim, ze se organicke rozpoustedlo vol! ze 
skupiny jednoduchych alkoholu z rady Ci az C 5 , specialne 2-propanolu. 

14. Zpusob podle kterehokoli z naroku 1 az 1 1, vyznaciijici se tim, ze se do roztoku sodne 
soli 3-pyridyH-hydroxyethyliden-l,l-bisfosfonove kyseliny pfedlozt ockovaci 
krystaly prislusneho hydratu sodne soli 3-pyridyl-l-hydroxyethyliden-l,l-bisfosfonatu 

a roztok se pozvolna chladi. 

15. Zpusob podle naroku 14, vyznaciijici se tim, ze krystalizace se provadi z roztoku sodne 
soli ve smesi vody a s vodou misitelne organicke latky. 

16. Farmaceuticka kompozice urcena k lecbe nemoci spojenych s poruchou resorpce kosti, 
vyznaciijici se tim, ze jako ucinnou latku obsahuje hydrat sodne soli kyseliny 3- 
pyridyl-l-hydroxyethyliden-l,l-bisfosfonove podle kterehokoli z naroku 1 az 1 1 a 
alespon jednu pomocnou latku. 



Anotace 



# 



Nazev vynalezu: Nova krystalicka forma ggdn g soli Icvselinv 3-Dvridv1-1-hvdroxveth v lirl P n. 
1.1-bisfosfonove 

Krystalicka, hydratovana forma sodne soli kyseliny 3-pyridyl-l-hydroxyethyliden-l,l- 
bisfosfonove obsahuje 6,4 az 22 % hmotnostnich sodiku, vztazeno na bezvodou latku, a 15 az 
23 % hmotnostnich krystalicke vody, je-li obsah sodiku mensi nez 7,5 % hmotnostnich, nebo 
4,5 az 18 % hmotnostnich, je-li obsah sodiku vetsi nez 7,5 % hmotnostnich. 
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A new crystalline form of the sodium salt of S-pyridyl-l-hydroxyethylidene-^l- 
bisphosphonic acid 



Technical Field 

The invention concerns new crystalline hydrates of 3-pyridyl-l-hydroxyethylidene- 
1,1 -bisphosphonic acid of formula 



and its salts, resp., and a method of their production. 
Background Art 

Geminal bisphosphonates, such as for example salts of 3-pyridyl-l- 
hydroxyethylidene-l,l-bisphosphonic acid (risedronate) or 4-amino-l-hydroxybutylidene-l,l- 
bisphosphonic acid (alendronate), have been used for quite some time to treat bone diseases 
and for management of the metabolism of calcium. 

Preparation of risedronic acid consists in reaction of 3-pyridylacetic acid with 
phosphoric and phosphorus trichloride with subsequent hydrolysis of resulting intermediates. 
The general method of this preparation of bisphosphonic acids was mentioned in JP 80-98193 
(1980), JP 80-98105 (1980) of Nissan Chemical Industries and in an article W. Ploger et al., 
Z. Anorg. Allg. Chem.,389,1 19, (1972). A preparation of risedronate was published in EP 
186405 (1986) of Procter & Gamble. 

Bisphosphonic acids are used in the form of various non-toxic and pharmaceutically 
acceptable esters, alkali metal salts and salts of alkaline-earth metals and their various 
hydrates. The form of the substance can have a fundamental influence on its solubility and its 
biological availability. The preferred forms of risedronate are the sodium and calcium salts. 



O 




OH 



risedronic acid 



3-pyridyl-l-hydroxyethylidene-l,l-bisphosphoiiic acid is used mainly in the form of its 
mono-sodium salt (sodium risedronate). This salt, similarly as a number of other geminal 
bisphosphonic acids and their salts, is capable of forming hydrates. So far, anhydrous 
crystalline form of mono-sodium 3-pyridyH-hydroxyethylidene-l,l-bisphosphonate, its 
monohydrate and pentahemihydrate have been described in the application WO 0156983 A2 
of Procter & Gamble. Of the two mentioned hydrates, only the pentahemihydrate form is 
thermodynamically stable. The monohydrate undergoes a spontaneous transformation to the 
stable pentahemihydrate. 

A disadvantage of lower hydrates or anhydrous forms of monosodium 3-pyridyl-l- 
hydroxyethylidene-l,l-bisphosphonate is their hygroscopicity and related instability of the 
content of the active substance. A decrease of the active substance content with time 
translates into the substance's limited storage time. Hygroscopicity can also lead to instability 
of a pharmaceutical preparation. For example, tablets can disintegrate under the influence of 
air humidity. 

In case of a pharmaceutical preparation containing a mixture of the monohydrate and 
hemipentahydrate of monosodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate, as it is 
described in WO 0156983, especially the monohydrate, which is known not to be 
thermodynamically stable, can be a source of instability. 

Solutions involving double or hermeneutically sealed packaging, or addition of a 
desiccant into the package, always result in additional production costs. 

The present invention, which concerns new stable hydrates of the sodium salts of 3- 
pyridyl-l-hydroxyethylidene- 1,1 -bisphosphonic acid, solves this problem. These hydrates are, 
in addition, better soluble in diluted hydrochloric acid, which makes up stomach juices. 

Disclosure of Invention 

Definitions of the terms used in the description of this invention: 

Tne term risedronic acid refers to 3 -pyridyl-l-hydroxyethylidene- 1,1 -bisphosphonic 

acid. 

The term risedronate stands for both risedronic acid and its pharmaceutically 
acceptable salts. 




The term risedronate sodium salt monohydrate refers to a crystalline form of 
monosodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate which contains from 5 to 7.1 
w.% of water and from 5.5 to 7.5% of sodium based on the anhydrous salt. 

The term risedronate sodium salt pentahemihydrate stands for a crystalline form of 
monosodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate which contains from 1 1.9 to 
13.9 w.% of water and from 5.5 to 7.5% of sodium based on the anhydrous salt. 

The term risedronate sodium salt pentahydrate stands for a crystalline form of 
monosodium 3-pyridyM-hydroxyethyhdene-l,l-bisphosphonate which contains from 20 to 
23 w.% of water and from 5.5 to 7.5% of sodium based on the anhydrous salt. 

The term risedronate disodium salt monohydrate stands for a crystalline form of 
disodium 3-pyridyM-hydroxyethylidene-l,l-bisphosphonate which contains from 4.5 to 6.5 
% of water and from 13 to 15% of sodium based on the anhydrous salt. 

The term risedronate trisodium salt trihydrate stands for a crystalline form of trisodium 
3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate which contains from 12 to 14 % of water 
and from 19 to 21% of sodium based on the anhydrous salt. 

If not specified otherwise, all the percentage data herein are given in weight percents. 

Our invention concerns sodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate 
(sodium risedronate) in so-far-undocumented crystalline forms. More specifically, they are 
hydrates which contain 6.4 up to 22% of sodium and simultaneously 15 up to 23% of 
crystalline water if the sodium content is lower than 7.5%, or 4.5 up to 18% if the sodium 
content is higher than 7.5%. 

An useful example of such a hydrate is a modification that is characterized by water 
content 20 up to 23%, specially with 22.8 w.% of water, and sodium content 5.5 up to 7.5%, 
specially 6.4 up to 6.7 w.%. The specified water content is built in the crystal lattice and the 
mentioned crystalline modification is thermodynamically stable. By drying with several 
different drying regimes, the mentioned crystalline modification was dried to the water 
content corresponding to the pentahemihydrate, the monohydrate and the anhydrous form of 
sodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate. When the substance is left 
standing on the air, the water content stabilizes spontaneously at the original level. Time that 
it takes for the water content to stabilize depends on relative humidity in the environment in 
which the dried substance is placed. It ranges from 2 up to 12 hours for the substance dried to 
the pentahemihydrate level and from 2 hours up to 12 days for the substance dried to the 
monohydrate level. 




The mentioned new crystalline form is also characterized by better solubility in 0. 1 N 
hydrochloric acid (pH 1.1), which is advantageous for biological availability of the substance. 

The new crystalline form was further characterized by a powder X-ray diffraction 
pattern, infrared spectroscopy, CP-MAS NMR in solid phase and thermogravhnetric analysis. 

A preferable structure of the hydrate is characterized by the diffraction pattern with 
interplanar distances d approximately 16.3; 13.0; 9.1 and 4.9 A. 

A different characteristic is provided by the infrared spectrum with bands 1 169; 1060; 
1046 and 891 cm" 1 . 

The thermogravimetric analysis of a preferable composition yields the inflexion point 
at temperature about 173 °C. 

Another characteristic of a preferable structure of the hydrate having the given 
composition is 3 IP CP-MAS NMR spectrum, which yields signals 13.7 and 20.0 ppm. With 
this doublet, it significantly differs from previously known pentahemihydrate, which yields 
the corresponding singlet with a shift of about 15.9 ppm. 

Sodium risedronate hydrate containing 12 up to 14% of water and 19 up to 21% of 
sodium based on the anhydrous salt is another substance having preferable characteristics. 
When this substance is dried at different conditions and subsequently left to stand in an 
environment with high relative humidity, the water content also stabilizes at the given value in 
a period ranging from 2 hours up to 12 days, but mostly in less than 12 hours. Accordingly, 
this modification is also stable in a humid environment. 

A preferable structure of the substance is characterized by the infrared spectrum with 
bands of approximately 1114; 1085; 956; 616 and 544 cm" 1 . 

Risedronate disodium salt monohydrate that contains 4.5 up to 6.5% of water and 13 
up to 15% of sodium based on the anhydrous salt is another preferred substance. When this 
substance is dried at different conditions and subsequently left to stand in an environment 
with high relative humidity, the water content also stabilizes at the given value in a period 
ranging from 2 hours up to 12 days, but mostly in less than 12 hours. Accordingly, this 
modification is also stable in a humid environment. 

A preferable structure of the substance is characterized by the infrared spectrum with 
bands of approximately 1 183; 1158; 1071 and 1042 cm" 1 . 

Preparation of hydrates of sodium salts of 3-pyridyl-l-hydroxyethylidene-l,l- 
bisphosphonate in new crystalline forms consists in preparing an aqueous solution of sodium 
3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate, heating the solution to temperature 50 up 
to 80 °C, and pouring it into an overcooled organic solvent, especially one from the group of 




simple alcohols from the Ci to C5 series, particularly 2-propanol. It is advantageous to use 
seeding with several small crystals of the appropriate hydrate. 

Thanks to their stability in humid environment, these new hydrates of the sodium salts 
of 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid are useful as an active substance for 
treatment of diseases associated with bone-resorption disorders. These diseases include above 
all osteoporosis, both that associated with a hormonal change in a certain stage of women's 
lifes and that induced by using various preparations. 

An oral dosage form, especially in the tablet form, is a preferred one for using these 
hydrates. Besides the active substance, suitable diluents, binders, disintegrants and sliding 
agents are used for producing the tablet. 

A directly compressible blend wherein a mixture of mannitol and microcrystalline 
cellulose plays the role of a diluent is an extraordinarily suitable combination. This 
combination shows exceptional stability, especially in a humid environment. 

Brief Description of Drawings 

Figure 1 represents an XR diffraction pattern of risedronate monosodium salt 
pentahydrate. 

Figure 2 represents a comparative XR diffraction pattern of risedronate monosodium 
salt pentahemihydrate. 

Figure 3 represents a TGA of pentahydrate of monosodium salt of risedronate. 

Figure 4 represents a comparative TGA of risedronate monosodium salt 
pentahemihydrate. 

Figure 5 represents a 3l P CP-MAS NMR spectrum of risedronate monosodium salt 
pentahydrate. 

Figure 6 represents a comparative 31 P CP-MAS NMR spectrum of risedronate 
monosodium salt pentahemihydrate. 

Figure 7 represents an IR spectrum of risedronate monosodium salt pentahydrate. 

Figure 8 represents a comparative IR spectrum of risedronate monosodium salt 
pentahemihydrate. 

Figure 9 represents an IR spectrum of risedronate trisodium salt trihydrate. 
Figure 10 represents an IR spectrum of risedronate disodium salt monhydrate. 



Examples 



Water content in the substance was determined using a method according to Karl Fischer and 
TGA analyses. Sodium content in the substance was determined using acidobasic titration and 
AAS. Solubility tests were performed according to the Technical Guide European 
Pharmacopeia. 

Example 1 

Monohydrate of 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid is dissolved in 
a 30-fold volume of distilled water containing one equivalent of sodium hydroxide. The 
solution is heated to 80 °C and at one bout poured into a 120-fold volume of 2-propanol 
cooled to temperature -7 up to -10 °C. After mixing, temperature of the solution climbs to 
about +7 °C. Within 5 minutes, the emergent suspension cools down to -1 °C. The emergent 
suspension is kept at this temperature for 4 hours. The product is isolated using filtration and 
it is air dried. 

According to the KF test, the product contains approximately 22.8 weight % of water. 
Sodium AAS analysis recalculated to dry basis demonstrated that the product contains 6.6 
weight % of sodium. The prepared substance yielded the diffraction pattern depicted in Figure 
1 and the 31 P CP-MAS NMR spectrum depicted in Figure 5. 

Example 2 

In risedronate monosodium salt pentahydrate (water content about 22.8 weight %) 
dried in a vacuum oven at 50 °C, the substance's water content decreases to 1 1 .5 % after six 
hours. The dried product is hygroscopic. If the substance is left standing at room temperature 
and usual relative air humidity, the water content returns to the original level within 12 hours. 

Example 3 

In the pentahydrate dried in a vacuum oven at 105 °C, the substance's water content 
decreases to 3 % after six hours. The dried product is hygroscopic. If the substance is left 
standing at room temperature and usual relative air humidity, the water content increases with 
a speed of about 0.5% an hour. Within 1 1 days, the substance's water content returns to about 



20 weight %. If the substance is placed in an environment with 100% relative air humidity, 
the substance's water content returns to 22.7 % within two hours. Such water content is stable 
and does not change at usual lab conditions. 

Example 4 

3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid is dissolved in an aqueous 
hydroxide solution containing four equivalents of NaOH. The solution is heated to 70 °C and 
poured into 2-propanol overcooled to temperature -7 up to -10 °C. Gradually, a semi-solid 
milky matter falls out, which disintegrates at temperature of the solvent reflux into a solid 
white suspension. After filtration and drying in a vacuum oven, one gets the product with 97% 
yield. Trisodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphanate containing about 19.8 
weight % of sodium (based on the dry salt) and about 12.7 % of water is the product. This 
amount of contained water corresponds to the trihydrate of trisodium 3-pyridyl-l- 
hydroxyethylidene-l,l-bisphosphonate. The infrared spectrum of thus obtained substance is 
depicted in Figure 9. 

When 1 molar equivalent of the trisodium salt is dissolved in water a clear solution is 
obtained. With addition of two molar equivalents of risedronic acid and heating to 70 °C, a 
clear solution is obtained of the monosodium salt, which is obtained according to example 1 
in the new crystalline form containing about 22.8 % of water. 

Example 5 

3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid is dissolved in an aqueous 
hydroxide solution containing two equivalents of NaOH. The solution is heated to 70 °C and 
poured into 2-propanol overcooled to temperature -7 up to -10 °C. A jelly-like milky matter 
falls out almost immediately, which disintegrates at temperature of solvent reflux to a solid 
white suspension. After the suspension is cooled down to the room temperature, the product is 
isolated using filtration. 

The obtained product contains, after air drying, about 14 % of sodium based on the 
anhydrous substance and about 14 % of water. After drying in a vacuum oven, the water 
content stabilizes at about 5.2 %. The substance with this stabilized water content yielded the 
infrared spectrum depicted in Figure 10. 




Example 6 

0.1 ml; 0.9 ml and 2.0 ml of water were gradually added to a 100.25 mg sample of 
risedronate monosodium salt pentahemihydrate. The suspension was mixed for about 1 min 
and tempered to 25 °C for 15 min after each addition of water. At these conditions, the 
substance was completely dissolved. The proportion of the dissolved substance was 
determined to be 100% using HPLC. 

0.1 ml; 0.9 ml and 2.0 ml of water were gradually added to a 98.78 mg sample of 
risedronate monosodium salt pentahydrate. The suspension was mixed for about 1 min and 
tempered to 25 °C for 15 min after each addition of water. At these conditions, the sample of 
the substance was completely dissolved. The proportion of the dissolved substance was 
determined to be 100% using HPLC. 

Both salts are well soluble in water. 

Example 7 

0. 1 ml; 0.9 ml, 2.0 and 7.0 ml of 0. 1 M HC1 with pH 1 . 1 were gradually added to a 
106.8 mg sample of risedronate monosodium salt pentahemihydrate. The suspension was 
mixed for 1 min and tempered to 25 °C for 15 min after each addition of acid. The sample did 
not dissolve completely. The proportion of the dissolved substance was determined to be 
9.46 % using HPLC. Accordingly, by dissolving risedronate monosodium salt 
pentahemihydrate in 0.1 M HC1 one gets a solution having the concentration of the active 
component 874 mg/1. 

0.1 ml; 0.9 ml, 2.0 and 7.0 ml of 0.1 M HC1 with pH 1.1 were gradually added to a 
99.07 mg sample of risedronate monosodium salt pentahydrate. The suspension was mixed 
for 1 min and tempered to 25 °C for 15 min after each addition of acid. The sample did not 
dissolve completely. The proportion of the dissolved substance was determined to be 3 1.62 % 
using HPLC. Dissolving risedronate monosodium salt pentahemihydrate in 0.1 M HC1 yields 
a solution with concentration of the active component .24 18 mg/1. 

This experiment demonstrates that the pentahydrate form of risedronate monosodium 
salt is significantly more soluble in 0.1 M hydrochloric acid than the pentahemihydrate form 
of risedronate monosodium salt. 




Example 8 

In trihydrate of the trisodium salt dried in a vacuum oven at 105 °C, the substance's 
water content decreases to 1.1 % after 6 hours. The dried product is hygroscopic. If the 
substance is placed in an environment with 100% relative air humidity, the water content 
returns to the original level within two hours. Such water content is stable and does not 
change at usual lab conditions. 

Example 9 

In trihydrate of the disodium salt dried in a vacuum oven at 105 °C, the substance's 
water content decreases to approximately 1.7 % after 6 hours. The dried product is 
hygroscopic. If the substance is placed in an environment with 100% relative air humidity, the 
water content returns to the level of approximately 5.2% within two hours. Such water content 
is stable and does not change at usual lab conditions. 

Example 10 

Monohydrate of 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid is dissolved in 
a 10- fold volume of distilled water containing one equivalent of sodium hydroxide. The 
solution is heated to 80 °C and a 3 -fold volume of warm 2-propanol is added. The solution is 
left to cool spontaneously to ca 62 °C and a small amount of seeding crystals of risedronate 
monosodium salt pentahydrate is added and the emerging suspension is left to fall out 
spontaneously. The product is filtrated off at temperature of the mixture 0 °C. The product is 
air dried. 

Using the KF test, the product contains approximately 22.8 weight % of water. 
Sodium AAS analysis recalculated to dry basis demonstrated that the product contains 6.6 
weight % of sodium. 
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CLAIMS 



1 . A crystalline, hydrated form of the sodium salt of 3-pyridyl-l-hydroxyethylidene-l,l- 
bisphosphonic acid, wherein the form contains from 6.4 up to 22 weight % of sodium, 
based on the anhydrous substance, and 15 up to 23 weight % of crystalline water if the 
sodium content is lower than 7.5 weight %, or 4.5 up to 18 weight % if the sodium 
content is higher than 7.5 weight %. 

2. The crystalline form according to claim 1, which is pentahydrate of the monosodium 
salt of 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid, wherein said form 
contains 20 up to 23 weight % of water built in the crystal lattice and 5.5 up to 7.5 % 
of sodium. 

3. The crystalline form according to claim 2 wherein said form contains 22.8 weight % 
of water built in the crystal lattice and 6.4 up to 6.7 % of sodium. 

4. The crystalline form according to claims 2 or 3 wherein said form shows a powder 
X-ray diffraction pattern with interplanar distances d approximately 16.3; 13.0; 9.1 
and 4.9 A. 

5. The crystalline form according to claims 2 or 3 wherein said form shows the infrared 
spectrum with bands 1169; 1060; 1046 and 891 cm" 1 . 

6. The crystalline form according to claims 2 or 3 thermogravimetric analysis of which 
shows a plateau at temperature of about 173 °C. 

7. The crystalline form according to claims 2 or 3 the 3 *P CP-MAS NMR spectrum of 
which shows signals 13.7 and 20.0 ppm. 

8. The crystalline form according to claim 1, which is trihydrate of the trisodium salt of 
3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid, wherein said form contains 19 
up to 21 weight % of sodium and 12 up to 14 weight % of water in the crystal lattice. 




9. The crystalline form according to claim 8 wherein said form shows the infrared 
spectrum with bands approximately 1114; 1085; 956 ; 616 and 544 cm' 1 . 

10. The crystalline form according to claim 1, which is monohydrate of the disodium salt 
of 3~pyridyl-l-hydroxyethylidene-l,l-bisphosphonic acid, wherein said form contains 
13 up to 15 weight % of sodium, based on the anhydrous substance, and 4.5 up to 6.5 
weight % of water in the crystal lattice. 

1 1 . The crystalline form according to claim 10 wherein said form shows the infrared 
spectrum with bands approximately 1183; 1158; 1071 and 1042 cm" 1 . 

12. A method of manufacture of the crystalline form according to any of the foregoing 
claims characterized in that an aqueous solution of the sodium salt of 3-pyridyl-l- 
hydroxyethylidene-l,l-bisphosphonic acid heated to 50 up to 80 °C is incorporated 
into an organic solvent. 

13. The method according to claim 12 characterized in that the organic solvent is selected 
from the group of simple alcohols from the Ci to C5 series, especially 2-propanol. 

14. The method according to any of claims 1 through 1 1 characterized in that seeding 
crystals of the respective hydrate of the sodium salt of 3-pyridyl-l-hydroxyethylidene- 
1,1-bisphosphonate are introduced into the solution of the sodium salt of S-pyridyl-l- 
hydroxyethyhdene-lJ-bisphosphonic acid and the solution is slowly cooled. 

15. The method according to claim 14 characterized in that crystallization is performed 
from a solution of the sodium salt in a mixture of water and a water-miscible organic 
substance. 

16. A pharmaceutical composition designed for treating diseases associated with a bone- 
resorption disorder characterized in that it contains as the active agent a hydrate of the 
sodium salt of 3-pyridyH-hydroxyethylidene-l,l-bisphosphonic acid according to 
any of claims 1 through 1 1 and at least one auxiliary substance. 




Abstract 

Title of the Invention: A new crystalline form of the sodium salt of 3-pvridvl-l- 
hvdroxvethvlidene- 1 . 1 -bisphosphonic acid 

A crystalline, hydrated form of the sodium salt of 3-pyridyl-l-hydroxyethylidene-l,l- 
bisphosphonic acid contains from 6.4 up to 22 weight % of sodium, based on the anhydrous 
substance, and 15 up to 23 weight % of crystalline water if the sodium content is lower than 
7.5 weight %, or 4.5 up to 18 weight % if the sodium content is higher than 7.5 weight %. 
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Figure 1 




Figure 3 




Figure 4 
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Figure 5 
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Figure 10 
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I undersigned, certify by these presents, with reference to my status as the 
permanent sworn interpreter of the English language, appointed by the decree 
of the Ministry of Justice of the Czech Republic from November 5, 1985, Ref. 
No. ZT 1941/85, that the above is the true and exact translation of the document 
annexed hereto and written in the Czech language. 

Prague, October 12, 2003 




